The Caloplaca crenulatella species complex is monophyletic, based on analysis of ITS nrDNA sequences. It is characterized mainly by its ascospores and a simplified thallus. Caloplaca aquensis, C. borysthenica, C. interfulgens, C. lactea, C. marmorata and C. tominii represent well-defined monophyletic lineages within it. Caloplaca diffusa, described here as a new species, is a well-supported lineage with a distinctive phenotype. Caloplaca crenulatella s. lat. and C. ferrarii s. lat. are heterogeneous taxa appearing in four and two places respectively within our tree. Caloplaca ochracea also belongs to the group, although it has different ascospore characters. Caloplaca gyalolechiaeformis and C. pseudocitrina are later synonyms of C. tominii. Arctic and North American sorediate specimens morphologically very close to C. tominii represent a separate lineage recently recognized as C. erichansenii. The North American Caloplaca nashii has a C. crenulatella-like phenotype but does not belong to the C. crenulatella complex. The identities of Caloplaca lacteoides and Caloplaca epigaea are not clear, but the latter may be a terricolous ecotype of one of the entities within C. crenulatella s. lat. A key to the European species of the group is provided.
Introduction
Navarro- Rosinés & Hladun (1996) provided a monograph of European species of the Caloplaca lactea group, focused mainly on the western Mediterranean. We deal with the same group, but we prefer to name it after C. crenulatella, a taxon that (though paraphyletic) is common throughout Europe and possesses a representative phenotype for the group. In contrast, the name Caloplaca lactea has been misapplied to various species in Europe; C. lactea proper is restricted, in Europe, to (sub)Mediterranean regions and has a rather atypical phenotype within the group (ascospore size and shape).
Our geographical focus is different from that of Navarro-Rosinés & Hladun since we have emphasized south-east Europe and some parts of western Asia. The centre of our field work was the Black Sea region.
Material and Methods
The main part of the material was collected by the first author during field excursions in 2004 (Bulgaria) 
HQ699629
Citations of specimens are abbreviated; full information for a majority of the samples deposited in CBFS (herbarium of the University of South Bohemia) is available in a database on the web page: http://botanika. bf.jcu.cz/lichenology/data.php. For the common species Caloplaca marmorata and C. ochracea, only selected samples of particular geographical interest are cited (e.g. new country records). For the taxonomically unresolved species complexes C. crenulatella s. lat. and C. ferrarii s. lat., only samples used in molecular analysis are cited in Table 1 . Simplified specimen data for other sequenced lichens are also listed in Table 1 .
Morphological investigations
Diagnostic characters for each species are provided in the key and a detailed morphological description is only given for the new species. Measurements are believed to be accurate to 0·25 m (for cells, e.g. conidia and ascospores), 1 m (width of asci) or 10 m (larger structures, e.g. hymenium and width of exciples). All measurements of cells (ascospores, conidia, asci, paraphyses) include their walls. Paraphyses tips were observed after pre-treatment with c. 10% KOH. Only those ascospores with well-developed septa were measured; in these ascospores loculi were connected with a thin cytoplasmatic channel, never disconnected. Measurements are given as (minimum-) x ± SD (-maximum), where x = mean value and SD = standard deviation. Total numbers of measurements are given in square parentheses [n] . Morphological terminology mainly follows Smith et al. (2009) .
Secondary metabolites identification
HPLC chromatography was performed on samples of Caloplaca crenulatella s. lat., C. diffusa, C. ferrarii, C. marmorata and C. tominii according to Søchting (1997) .
DNA extraction and amplification
Direct PCR was used for PCR-amplification of the ITS regions, including the 5.8S gene of the nuclear rDNA following Arup (2006) . Primers for amplification were ITS1F (Gardes & Bruns 1993) and ITS4 (White et al. 1990 ). PCR cycling parameters follow Ekman (2001).
Alignment and molecular analysis
The E-INS-i algorithm implemented in the online version of MAFFT 6 (Katoh et al. 2002) was employed to align sequence data sets. Further manual adjustments were conducted in BioEdit (Hall 1999 Nylander et al. 2004 ).
In addition, the PAUP* software (Swofford 2002 ) was necessary to get the ML scores. As suggested, the nucleotide alignment was analyzed under the GTR+ model with the assumption of invariable sites. Distribution of prior probability densities of the substitution rates, along with the distribution of the stationary nucleotide frequencies, was set to flat. The indel matrix was treated as restriction data in MrBayes and analyzed under the F81-like model. The stationarity of tree topologies was assessed according to the average standard deviation of split frequencies between both runs (it fell under 0·008). The resulting trees were used for reconstruction of a 50% majority-rule consensus tree.
Results

Phylogeny
The Bayesian analysis of the ITS nrDNA dataset with coded indels (656 nucleotide positions and 101 indel characters) produced a 50% majority rule consensus tree with an average In L = −4020·305 (Fig.1) . In general, the Bayesian inference of our data failed to reveal the relationship between species/ lineages, and several single terminals remained ambiguously placed in the basal polytomy. Nevertheless, it provided some important information of interest about the phylogeny of the group. Firstly, all ingroup sequences studied formed a strongly supported monophyletic group (PP = 1·00) in relation to the sequences of C. trachyphylla, Xanthoria elegans and both C. nashii specimens. Secondly, some phenotypically defined species formed convincing 'molecular taxa', such as C. diffusa and C. marmorata. Thirdly, some phenotypically distinguishable groups of specimens, for this reason formerly considered as good species (C. crenulatella and C. ferrarii), appear as artificial assemblages of two or more separate lineages. These paraphyletic taxa will be discussed below.
Phenotypic circumscription of the group
Although morphologically variable, the Caloplaca crenulatella group is diagnosed by its long and narrow ellipsoid spores, c. 15-20 × 6-8 m (except for C. lactea) with thin septa, 1-4 m wide (except for young ascospores of C. ochracea with two small locules and a very broad septum). The thallus is usually reduced, inconspicuous (rarely areolate or exceptionally subsquamulose), yellow or rarely pale grey. The apothecia are zeorine, yellow to red with a thalline exciple that may be enlarged and crenulate in some species. Pycnidia were observed only in C. borysthenica, C. crenulatella, C. diffusa and C. ferrarii; conidia are ellipsoid or shortly bacilliform c. 2·5-3·5 × 1·0-1·5 m.
The secondary metabolites are anthraquinones of chemosyndrome A (sensu Søchting 1997). Apothecia always contain parietin (main compound) with traces of emodin, fallacinal, parietinic acid, and teloschistin. The thallus, when present and yellow, has the same anthraquinones.
Ecologically, the group shows a preference for calcareous substrata (rock, soil, artificial substrata), although some species tolerate siliceous rocks; only C. diffusa grows mainly on siliceous substrata. Epiphytic occurrences are known in C. crenulatella s. lat., but are exceptional. The biodiversity within the group increases significantly from north to south in Europe.
Another large group of European Caloplaca species containing Caloplaca subpallida H. Magn. and its relatives has a crustose thallus, or no thallus, and ascospores with thin septa. However, it differs from the C. crenulatella group in having smaller and narrower ascospores c. 12-17 × 4-6 m, and a thallus which (if not entirely reduced) is grey and lacks anthraquinones, but has the pigment Sedifolia-grey. This phylogenetic group is not closely related to the C. crenulatella group (our unpublished data) and includes, for example, C. arenaria (Pers.) Müll. Arg., C. scotoplaca (Nyl.) H. Magn., C. subpallida and C. tristiuscula H. Magn. Species of this group tend to occur on siliceous rocks.
Caloplaca luteoalba (Turner) Th. Fr. is also similar to the C. crenulatella group in its narrow ascosopre septa and outer morphology, but it is an epiphytic species and has smaller ascospores, c. 
MycoBank No: MB561220
Caloplaca diffusa C. interfulgentis similis est, sed marginem thalli diffusum, et prothallus albus nonnumquam adest. Habitat prope mare, in rupibus siliceis.
Typus: Georgia, Adjara, Batumi, coastal rocks near Buknari, 41°45#58·31$N, 41°45#01·45$E, on siliceous cliff in supralittoral zone, 27 April 2007, J. JV6227, Chemistry. Thallus C−, K+ purple, P−, UV+ orange; apothecia C−, K+ purple, P−, UV+ orange. Compounds: parietin (major), ± traces of emodin, parietinic acid, fallacinal and teloschistin.
Phylogeny. All eight sequences of C. diffusa studied formed a well-supported monophyletic group (PP = 1·00), but its precise phylogenetic position remains unclear due to the basal polytomy.
Etymology. The name reflects the diffuse thallus margin of the species. ( Fig. 2B) The description in Kondratyuk et al. (2006) is based on a poorly developed specimen and the species was characterized by asci with 2-4 (-6) spores that are often deformed. We examined the holotype, isotypes and topotypes again and found some welldeveloped asci with eight, regularly ellipsoid spores, 14-20 × 4·5-8·5 m, with septa 1·5-2·5 m thick. The whole phenotype resembles Caloplaca crenulatella s. lat., but C. borysthenica is often sterile and forms patches of diffuse yellow areoles. It is only known from loess in the northern Black Sea region.
Based on ITS sequences, two topotype specimens represent a well-supported monophyletic group (PP = 1·00), which forms a polytomy with one group of C. crenulatella s. lat (clade D in Fig.1 ) and one group of C. ferrarii s. lat (clade 2 in Fig.1 Collections from Greenland named Caloplaca tominii were considered a separate taxon by Kondratyuk et al. (2009) , who described it as C. erichansanii. According to our observations, populations from Greenland (? all arctic populations) and populations from continental North America (e.g. Hansen et al. 1987; Thomson 1997 ) are phenotypically indistinguishable from C. tominii s. str. Kondratyuk et al. (2009) stated that ascospores of C. erichansenii are longer (18-23 m) than in C. tominii (14-16 m), but we have commonly observed ascospores longer than 20 m in C. tominii s. str. Nevertheless, based on two sequences from Greenland and Montana, C. erichansenii forms a poorly supported clade that is not sister to C. tominii s. str. (Fig.1) . Instead, it forms a well supported clade (PP = 0·99) together with one sequence of C. crenulatella s. lat. (terminal B in Fig.1 ) and this group is sister to the C. crenulatella s. lat. / C. borysthenica / C ferrarii s. lat. clade (PP = 0·99).
Caloplaca interfulgens (Nyl.) J. Steiner
Verhandl. Zool.-Bot. Gesellsch. Wien 52: 479 (1902 ( Fig. 2C) The holotype is broken into small pieces but consists of a yellow areolate thallus and matches the samples of Caloplaca interfulgens that we examined. The species occurs in arid regions (semi-deserts) of North Africa, Central Asia and the Middle East. The two sequences studied group together (PP = 1·00) with Caloplaca tominii as a sister clade. This relation was strongly supported (PP = 1·00) and both species occur in dry regions and have similar distributions. The name was formerly used in many European countries for specimens of Caloplaca crenulatella or C. marmorata. However, it is a well-characterized species restricted, in Europe, to (sub)Mediterranean regions (Navarro-Rosinés & Hladun 1996) with the northernmost confirmed occurrence in Hungary (Vondrák et al. 2010) . Surprisingly, the same species is considered common also in the British Isles (Fletcher & Laundon 2009; material not seen by us and in need of revision). The ITS sequence of C. lactea fell into the C. crenulatella group, but its closer relationships are still unresolved. In eastern Europe, the species is restricted to the submediterranean zone of the Black Sea coast in Crimea (Khodosovtsev & Redchenko 2002) and southern Russia (our data, see below), where it grows on limestone rocks and calcareous schist.
Schaerer (G-lectotype designated by Hafellner & Poelt 1979).
Caloplaca ochracea is safely placed in the ingroup (as in the case of C. lactea), but it is an atypical member of the C. crenulatella group for it possesses spores with three thin septa when mature. Two to three-septate spores are not rare among tropical Caloplaca species (Hafellner & Poelt 1979 ), but they are probably unrelated to C. ochracea. This species is widely distributed on calcareous rocks in Europe and is easily recognizable. In Eastern Europe, it occurs on inland calcareous rocks and also on coastal cliffs (e.g. Khodosovtsev & Redchenko 2002; Vondrák & Slavíková-Bayerová 2006 
Caloplaca tominii Savicz
Isswest. Glawn. Botan. Sada 29: 194 (1930) ( Fig. 2D) The name C. tominii was previously used for sorediate terricolous populations, common in Central Asian steppes. We discovered that sorediate saxicolous populations named C. gyalolechiaeformis or C. pseudocitrina are conspecific with terricolous C. tominii. The species occurs mainly in the steppe and semidesert zones of Eurasia with the westernmost records being from Hungary (Vondrák et al. 2010 ) and the Czech Republic (this paper). The identity of populations from continental Scandinavia (Nordin 1972) , Pakistan (Poelt & Hinteregger 1993) and the Alps (Hafellner & Türk 2001) needs further investigation. Sequences of specimens from the temperate to arid zone of Eurasia formed a well supported clade (PP = 1·00), closely related to C. interfulgens (PP = 1·00 for their mutual sisterhood).
Caloplaca tominii often occurs sterile and cannot then be separated morphologically from some other yellow sorediate species, mainly C. flavocitrina (Nyl.) H. Olivier. However, sterile terricolous samples from continental Eurasia should be identified as C. tominii on ecological grounds.
Unresolved Groups
Caloplaca crenulatella (Nyl.) H. Olivier s. lat.
According to our phylogenetic study, this taxon is paraphyletic and contains at least four lineages, which we cannot currently distinguish using conventional characters. However, this outcome may be caused partially by the poor resolution of our cladogram. One of the lineages (clade of two sequences, PP = 0·85, marked as A in Fig.1 ) fell within the basal polytomy and can therefore not be taken into phylogenetic assessment. Another sequence of C. crenulatella (terminal B) forms a clade together with two sequences of C. erichansenii sequences, with strong support (PP = 0·99), and the remaining three sequences (clades C and D) showed clear affinity to C. borysthenica and the 'clade 2' of C. ferrarii (PP = 0·93). All studied specimens share characters described in Navarro- Rosinés & Hladun (1996) for C. crenulatella (Nyl.) H. Olivier. The variability of some characters (e.g. ascospore size and width of septa) within individual samples is often large; this makes it difficult to find diagnostic characters of the lineages (possible phylospecies). The degree of thallus development also varies greatly, from absent to subsquamulose and this depends, at least in part, on the age of the lichen. To understand this species complex we need molecular data from more samples to see whether the phenotypic, geographical and ecological characteristics of each clade can be better interpreted. Caloplaca crenulatella s. lat. is common on various base-rich siliceous or calcareous rocks and on artificial substrata, often concrete (e.g. Khodosovtsev 2001; Vondrák & Slavíková-Bayerová 2006) .
Caloplaca ferrarii (Bagl.) Jatta s. lat. Navarro-Rosinés & Hladun (1996) characterized Caloplaca ferrarii by apothecia between 0·7-1·5 mm diam. and ascospores with septa 1-2 m. Based on our observations, apothecia in young specimens may be much smaller, usually 0·3-0·7 mm diam. and the ascospore septa are 1-4 m wide. Caloplaca ferrarii s. lat. (in our sense) is a heterogeneous group appearing in two different clades in our tree (Fig. 1) . One of the lineages (clade 1 in Fig.1 ) contains a sequence of Spanish saxicolous material collected by Navarro-Rosinés (cf. Gaya et al. 2008) together with saxicolous and terricolous material from a wide geographical range. It is a well supported clade (PP = 0·99), but its position with the sister clade (C. interfulgens + C. tominii) is not strongly supported. The second lineage (clade 2, PP = 1·00) contains a sequence of material identified by Navarro-Rosinés (HQ699637), a sequence of a terricolous sample from Hungary and a sequence of a Ukrainian specimen from concrete. It clusters together with sequences of C. borysthenica and the C and D lineages of C. crenulatella s. lat. (PP = 0·93). Although both clades of C. ferrarii clearly represent separate phylogenetic lineages, we cannot currently distinguish them by their phenotypes.
Species omitted from the molecular analysis
Two more European species have been described from the Caloplaca crenulatella group, but were omitted from our analysis as source material was unavailable. We have some doubts about their delimitation, but include them here for completeness. The description of the species (Søchting et al. 2007 ) corresponds with Caloplaca borysthenica or C. crenulatella s. lat. The authors use well-developed thallus areoles and terricolous occurrence as diagnostic characters, but other taxa may have the same morphology and terricolous occurrences are not exceptional among them (Lő kös 2003; Vondrák et al. 2007) . Bull. Soc. Linn. Provence, 47: 156 (1996) According to the description (NavarroRosinés & Hladun 1996) , this species is characterized by isodiametric cells in the outer part of the proper exciple and by unbranched paraphyses with strongly widened tips. Branching and anastomosing of paraphyses is, however, a variable character within and among samples of the same species and in our opinion it is very unlikely that some species of this group exists with entirely unbranched paraphyses. We have observed swollen cell lumina in the outer part of proper exciples in most species in the group, but this character is variable among samples and we do not consider it to be a good taxonomic character. We have not seen the type of Caloplaca lacteoides, but we are sceptical about the delimitation of this species. Some East European Caloplaca marmorata-like specimens seen by us (KHER 2845 (KHER , 2916 , from Crimea) with large cell lumina in paraphyses tips and in the upper exciple correspond to C. lacteoides, but their identity remains unclear. (1996) , which focused on Mediterranean regions, greatly clarified the taxonomy of this group, which was previously poorly understood. Outside Europe, we have reliable distribution data for species of the C. crenulatella group only from North Africa, Near East, Middle East and Central Asia (NavarroRosinés & Hladun 1996; this study); records from other regions may be unreliable. Some European species have been reported from North America, but we consider these reports to be doubtful; for example, Wetmore (2007) listed Caloplaca crenulatella, C. marmorata and C. tominii from the Sonoran Desert. We obtained one sequence from a Californian collection called C. crenulatella; it is placed within the group and, surprisingly, groups with a collection of C. crenulatella s. lat. from the Czech Republic (clade A, PP = 0·85). The sequence from a collection from Montana, called C. tominii, falls into the group with the arctic C. erichansenii and is unrelated to the Eurasian C. tominii s. str. We do not have molecular data for the Sonoran lichen called C. marmorata, but its ascospores are only 14-15·5 m long, considerably shorter than the 14-19 m in the European C. marmorata s. str. The North American C. nashii Nav.-Ros., Gaya & Hladun was considered a member of this group on morphological grounds by Navarro-Rosinés et al. (2001) , but we obtained ITS sequences of C. nashii and C. cf. nashii (second sample differs from the description of C. nashii in its spore characters) from California; they fall outside the group and the BLAST search showed that their closest relationship is to C. bolacina (Tuck.) Herre.
Caloplaca epigaea Søchting, Huneck & Etayo
Caloplaca lacteoides Nav.-Ros. & Hladun
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